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UNITED STATES PATENT 

2,599,069 
CASING MILL 
Earl J. Robishaw, Houston, Tex., assignor fo A-1 
Bit & Tool Cornpany, Houston, Tex., a corpo- 
ration of Texas 
Application July 29, 1948, Serial No. 41,236 
4 Claims. (CI. 164u0.8) 
This invention relates to a pipe cutter such as 
a casing rnill which is particularly adapted to be 
used in a well bore for cutting out a section of the 
well casing or pipe. 
It is frequently desirable in connection with 5 
well operations to cut out or rernove a section 
of the casing lining the well bore in order to 
provide access to the formations along the well 
bore for purposes of conducting various types of 
operations with respect to such formations. 10 
tteretofore various cutting tools bave been de- 
signed for cutting out sections of the pipe in a 
well bore. These tools consist essentially of a 
head, camTing laterally expandable cutting 
blades, which are attached to the lower end of 15 
a string of pipe by means of which the cutting 
head is lowered to the desired depth in the well. 
The blades are then expanded into contact, with 
the casing wall and the operating pipe string is 
rotated from the top of the well to cause the 20 
blades to first sever the pipe and then to engage 
in a milling operation on the upper edge of the 
lower portion of the severèd pipe in order to cut 
out as long a section of this pipe as may be de- 
sired to provide access to the surrounding forma- 
tions. 
Such existing tools may employ hydraulic 
means for expanding cutting blades but ordi- 
narily employ the weight of the operating pipe 
string for applying pressure to the knives to effect 30 
the desired rnilling operation of the upper end 
of the severed pipe. Such conventional tools 
surfer from several disadvantages arising pri- 
rnarily frorn the employrnent of the weight of the 
operating pipe string to apply pressure to the 
cutting blades. Particularly when used in deep 
wells, the natural flexibility of the long operating 
pipe strings make it very diflicult to control frorn 
the top of the well the weight applied to the 
cutting blades. Also the torsional forces result- 40 
ing frorn rotation of long operating pipe strings 
will result in a substantial degree of twisting of 
the operating string which again makes it difli- 
cult to maintain the proper pressure on the cut- 
ring blades. Excessive pressure will result in 45 
destruction of the blades while insufficient pres- 
sure will prevent the blades from properly carry- 
ing out their cutting function. 
The present invention bas forits principal ob- 
ject the provision of a cutting tool in which the 50 
pressure on the cutting blades is applied through 
a fluid rnedium controlled from the surface to 
permit uniform and accurate control of the 
plied pressure. 
An irnportant object is the p%ovision of 
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ring tool wherein the presstu'e applied to the cut- 
ring blades is independent of the weight or longi- 
tudinal rnovernent of the operating string. 
A further object is the provision of a cutting 
tool in which fluid pressure is ernployed both for 
expanding the cutting blades and for rnaintain- 
ing predeterrnined pressure on the cutting blades 
O.uring the rnilling operation. 
A more speciflc object is the provision of 
cutting tool ernploying air as the pressure fluid 
medium for operation of the tool. 
A further object is provision of means for 
signaling to the operator at the surface when the 
cutting blades are fully extended laterally and 
when a predetermined interval of longitudinal 
cutting bas been completed. 
Other and rnore specific advantages of this in- 
vention will become apparent when read in con- 
junction with the accompanying drawings which 
illustrate a useful embodiment in accordance 
with this invention. 
In the drawings: 
Figs. 1 and 2 together constitute a longitudinal 
sectional view through the cutting tool in accord- 
ance with this invention, showing the tool in 
position in a well casing prior to engaging in 
cutting operations thereon; 
Fig. 3 is a view similar to Fig. 2 showing parts 
of the tool with the cutters engaging the casing; 
Fig. 4 is a view showing the parts of the tool 
in another position during operations; 
Fig. 5 is a schematic view of the well head con- 
nections ernployed in operating the tool; 
Fig. 6 is a cross-sectional view along line 6--0 
of Fig. 2; and 
Fig. 7 is an enlarged view of a detail of the 
tool. 
Referring to the drawings, the tool in accord- 
ance with this invention comprises a cutting 
head, indicated generally by the nurneral 10, and 
a telescoping connection, indicated generally by 
the numeral , ,, for connecting the cutting head 
to an operating string of pipe 12 which is em- 
ployed for lowering and raising the tool in a well " 
casing ,3 and for operating it in the manner to 
be hereinafter described. Cutting head I{} iS of 
more or less conventional construction and com- 
prises a hollow cylindrlcal body 14 having a. 
plurality of angularly spaced slots 15 in the wall 
thereof in which are mounted a corresponding ' 
number of cutting blades, 6. The latter are rock- 
ably mounted on pivot pins 17 for radial rnove- 
ment toward and away from casing, 3. For acu- 
ating the blades, a plunger I $ is slidably rnounted 
in the bore of body 
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3 
wardly by means of a coil spring J9 engaged 
against a shoulder 2G arranged in the lower end 
of the bore of body 4. Plunger 18 carries a pair 
of vertically spaced abutments 2! and 22 which 
are adapted to engage the heel portions 23 of the 5 
blades for expanding or retracting them, as the 
case may be, depending upon the direction of 
movement of the plunger. Under the upwardly 
applied pressure of spring ! 8, the blades will nor- 
mally be held in the retracted position, illustrated 10 
in Fig. 2. 
Telescoping connection !  comprises an upper 
cylinder 24, a lower cylinder 25 and a hollow ex- 
ternally splined rod 28 telescopical!y connecting. 
the two cylinders for relative lo_ngiçudinal more-. ] 5 
ment, whfle maintaining rotative comection be- 
tween th% cylinders. Upper cylinder 24 bas a 
hollow bore 27 and is provided at its upper end 
with an internally threaded socket 28 for attach- 
ment fo a conventional threaded pin member on 2O 
t lower end of operating pipe 12. A port 25 
opé.ns ttough the.wall of cylinder 24 ata point 
just be.low s0cket28 and is closed by an inward- 
ly opei!ing check valve SG. A tubular bushing 8  
is. c6ncentrically arranged in the upper end of 25 
cFlider 24 and locked in position between the 
basë/0f Socket28 and the inserted end of pipe 2 
bïmeansof a radial flange 32. Bushing 8! ex « 
tends somewhat below the le:ce! of port 2 into 
bDr_é 27. Lower cylinder 25 has a hollow bore 8 30 
which is reduced in diameter ät its lower end 
t0. pro_vide a cylinder 84 of smaller diameter than 
bbre --%. The exterior of cylindér 8 is thr_ead.ed 
f6r connection to a threaded socket 85. on the 
up'.Per end of body I. Plunger 18 is adapted t e- 
extend into cylinder 4 and has mounted on its 
uPpef end a piston. $ which carries a esilient 
pMng ring 8 slidably engageable withthe wall 
o.f ynder 
Splined od. 28, the exterior of which is prefer- 40 
ably hêxag0nal in cross section, but which-maY 
be of any other irregular configuration, ha.s an 
externally threaded pin 8 whici is adapted to 
b. creéd into a s0cket 8 proided in the lower 
end 0f/PP.er cylinder 24. The bore of s0cket 89 5 
iredu.ced in diameter relative to bore 2],. there- 
b pviding an infernal annulaz Shoulder..4{} ai 
th lower end of cylinder 24 A p!ura!ity of 
ra!!.extending ports 4  oison through the. wa!l 
of ;cynder 2.4 immediatey above shoulder 40. 50 
Ttie lower ed of splined rod 2 is s!ida.bly en- 
g¢d in.the, bore of spline co!!ar 2 w.hiçh bas 
an intër=a!. C0nfiguration comp!ementing .the eX. 
ter_n..a! configuration of splined rod 28, whereby 
r0tati6nal cònnecti0n betWen thesé mernbers is. 5 
miïed, while permitting relative !o_ngit_udi- 
nal movement between these parts. The lower 
ed_ of colar 42 is provided with an exrna!l.y 
threadëd Pin  45 for engagement in a threaded: 
sçe 4prov.idea at %hë pper ena of ]owe_r/60 
clinde]; :5, The lower end of pin 43 forms an 
i]Vdly exçending sh0Ider 5 t. he .uppe_r é!%d 
of.i'he/iS3; o£cylïnder 25.-The. lower end of 
sp.ed r.o.d 8 carries a bushi_ng 46 ha.viDg a 
in.rig::.7, moçnted in the. exterior: thereof t.o 65 
trF:0rrmfiuid-tigh slïdab!e eal bet.we_en 
th nrer. wa!! óf cyl!nder. 2 and the !ower end. 
oJ: Sl!..,nd rod 26. A plurality o radial!y extenr 
i.ort 8 open thr0ugh the wal o cylinder 5 
i _m_ediately below theshoulder g. :,A. hotl_z 7O 
st:;9: f.bçïn!ng an.. extsion of pluner. 18: ex- 
tends axiallF through £he bor.e of. sple_d r.o.d:2 , 
aoE..}.S!able theein. A Packng ring 5.0 i 
aange.d inthe bor_e of pin- 38 .tq ï.orm. . 
tl_S.:!ibètF.n the b0_¢ o spliped .red 26. an.d_ 
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stem 49. T'ne lower end of stem 49 is rigidly 
connected fo plunger 18 and is provided with a 
plurality of ports 5! adjacent the point of con- 
nection fo plunger 8 to provide communication 
between the bore of stem 8 and bore 88 of the 
lower cylinder 2. The upper end of stem , 
which extends into bore 2] of upper cylinder 
has mounted thereon a piston 52 (see Fig. 7) 
through which extend a pair of spaced passage- 
ways 58 and 6. Passageway 58 is closed by an 
upwardly opening spring-loaded check valve 55 
having a stem 58 which extends below the lower 
face of piston 2. Passageway 4 is closed by 
a spring-loaded downwardly opening check valve 
5] having a stem 58 which extends above the 
uppor surface of. piston 52. Stem  is of such 
a length that when the telescoping connection ! ! 
is in its fully extended position and blades I 
are in their retracted position, as illustrated in 
Figs. 1 and 2, the lower end of valve stem 56 
will be spaced from shoulder  by a distance 
corresponding to the length of travel of plunger 
stem. 5 required to force blades  into their 
fully extended position, so that when that con- 
dition is attained, lower end of valve stem 58 
will strike shoulder 9 and open check valve 55 
(see Figs. 3 and 7). 
Fig. 5 illustrates the arrangement of connec- 
tions at the well head employed in the operation 
of the tool in accordance with this invention. It 
will be seen that operating pipe 2 is connected 
at its upper end to the usual Kelly joint 59 which 
extends through rotary table 6 and is connected 
to a conventional rotary swivel l suspended 
from a hook 62a of the usual traveling block (not 
shown) of a drilling rig. A fluid supply pipe 62 
connects the interior of the rotary swivel to a 
pressure fluid reservoir tank , which is supplied 
w!th suitable pressure fluid through a pipe 64 
from any suitable source of supply by means of 
a pump or compressor (not shown); as the case. 
may be. A pressure regulator 5 of any conven- 
tional or suitab!e type is interposed in pipe 
which is also provided with. a valve 66 on the 
down-stream side of the regu!ator. A pressure. 
gage G] is connected to pipe 82 between regulator 
65 and tank 8, and a second pressure gag e 8 
is com]ected to pipe 62 on the downstream side 
of .valve . 
The operation of the-tool will now. be 
scribed. Operating. pipe 2 carrYing the cut-. 
ting tool connected to its lower end, will be 
lowered into. the well and connected for rota-. 
tion. by rotary table 8{} in the usual manner, as 
illustrated in Fig. 5. When entering casing 
the. parts, of the tool. will be in the positions. 
illustrated in Figsr 1 and 2 .particularly, that is, 
blades-18 will be retracted and telescoping con- 
nection ! will be in its extended position, the 
weight of the cutter lead being suflïcient nor-. 
mally fo fully extend the connectiòn. Piston 
at:.the upper .end of the p!ung er stem 49 will 
be: held in the upper position illustrated in Fig.. 
1 bythe upward thrust of coi! spr.ing 18. If will 
be assumed in this example that no extraneous 
fiuid, such as drilling mud or. well fiuid, is. pres«- 
ent. in casing 3. vghen the: cutters: bave be_en- 
lowered to thè point at which c.utting:-of .the 
caing is fo begin, the rotation of the olerating 
ppe wil! be .started and fiuid pressue which in 
this: example may be air pressure,, iwiH be supr 
plied though the surface connections _t0the. 
interior of the operating..pipe string. The pres-. 
sure fluid, which will be supplied fr0mpipe. . 
by: waF of reservoir S,_ und-the. ço_ntro!_o. rg- 



úlator $§, will enter cyliiader 24, and flow into 
the bore of extension rod 49 and thence through 
ports §! into the interior of cylinder 2§. The 
loading of check valve 57 will bave been pre- 
sel to hold this valve closed against the prede- 
termined operating pressure. The pressure will 
thns be applied to the upper faces of pistons 
52 and 36, forcing plunger 18 and its extension 
rod 49 downwardly against the resistance of 
spring 19, causing expansion of blades 16 into 
cutting position against the casing. Rotation 
of pipe sLring 12 will rotate the cutter body by 
reason of the splined connection formed between 
spline collar 42 and splined rod 25. As the op- 
erating string rotates, blades 16 will cut into the 
wall of casing 13, being forced outwardly under 
the pressure applied to pistons 36 and 52, .which 
more downwardly as Lhe blades continue to ex- 
pand. When the blades bave severed the cas- 
ing, they will attain the horizontal position 
illustrated in Fig. 3 and, as noted previously, by 
reason of predetermined dimensional relatton- 
ship, the lower end of valve stem 56 will, aL that 
instant, come into contact with shoulder 40 
forcing, check valve 55 to open, relieving the 
pressure ïrom inside bore 2 through passage- 
way 53 and ports 4! into the annular space be- 
tween the tool and casing 13. This produces an 
instantaneous drop in pressure in the interior 
of the tool string which will be indicated at the 
surïace on gage 68 and will constitute a signal 
to the operator that the casing bas been 
severed. 
The operations for milling the severed casing 
may now be begun. The operating string will 
be lowered by lowering hook 62z in the usual 
manner for a distance suflcient to collapse tele- 
scoping joint ll. This may occur because body 
14, lower cylinder 25 and splined collar 42 will 
be supported against downward movement by 
the residence of he now extended blades 16 on 
the upper edge oï the lower portion of the 
severed casing (see Fig. 3), thereby allowing up- 
per cylinder 24 and splined r0d 26 fo more 
downwardly relative thereto. As upper cylinder 
24 and splined rod 26 more downwardly, piston 
52 wLll, of course, remain stationary and shoul- 
der 40 will more downwardly relative thereto 
and release valve stem 56 allowing check valve 
55 to close. This permits the pessure above 
pistons 52 and 36 to again build up to the op- 
erating level. The parts of the telescoping con- 
nection ! ! will be so dimensioned, that when the 
connection is fuily collapsed, Lhe upper end of 
valve stem 58 will strike against the lower end 
of bushing 31, opening check valve 57 and again 
venting the pressure fluid through ports 4! (see 
Fig. 4). This will again be indicated by a drop 
in the pressure on gage 88 and will be a signal 
to the operator that the splined connection fs 
fully collapsed. This fs important because it will 
enable the operator to lmow instantly when to 
stop the lowering movement of the operating 
pipe so as to avoid the application of its weight 
fo the blades, and thereby avoid the damaging 
effect thereon of excess weight. The operator 
will then immediately lift the operating string 
just sufliciently to permit valve 57 to close by 
the action of its loading spring, whereupon the 
pressure will again be allowed to build up to the 
desired operating level from tan 63 through 
regulator 65. With the pressure now buflt up, 
rotation of the operating string is continued 
while the upper end of the operating string fs 
held statlonary against longitudinal movement. 

With the pressure thus applied to pistons 52 and 
36, the blades will proceed to mill off the upper 
end of the severed portion of the casing. With 
operating pressure being maintained ai the de- 
5 sired level during this operation, as the upper 
end of the lower casing section fs Lhus milled 
01, he cutter head and cylinder 25.of the tele- 
scoping connection will descend, extension 49 
carrying piston 52 descending correspondingly as 
10 the telescoping connection becomes extended. 
The movement oï' these parts relative to uPper 
cylinder 24 and pipe |2 will continue unil pis- 
ton 52 bas descended in cylinder 24 to a point 
at which stem 55 again strikes shoulder 45 
15 whereupon valve 55 will be opened and the pres- 
sure relieved through ports 4[. This will imme- 
diately apprise the operator ai the surïace, 
through the deflection of the indicator on gage 
58, that the telescoping connection bas become 
2 fully extended. Since the length of movement 
of the telescoping connection is known, the op- 
erator will be apprised that a corresponding 
length oï the severed section of the casing bas 
been milled o1. Iï an additional increment of 
25 the casing fs to be milled o1% Lhe operator will 
immediately lower the operating string until 
valve stem 58 strikes bushing 3 I, again signaling 
the full retraction of the telescoping connection 
and apprising the operator that the tool fs ready 
30 ïor a repetition of the previously described op- 
eration for continuing the milling oï the casing. 
This operation may be repeated as often as nec- 
essary to cut out a section of the casing of the 
desired length. When the milling operaLion bas 
35 thus been completed, the fluid pressure fs re- 
lieved at the surface by opening valve 70. The 
operating string fs lifted at the surface raising 
blade 16 above the upper edge of the severed 
portion of the casing, thereby allowing coil 
40 spring 19 to force piston 18 upwardly and re- 
tract blades 16, whereby the entire string may 
be withdrawn ïrom the welh 
It will be understood that instead of air as the 
pressure fluid employed in the above operation, 
4 hydraulic fluids may be employed for the same 
purpose, as well as other pneumatic fluids, such 
as natural gas and the like. The fluid pressures 
employed may be varied to suit particular con- 
dltions which may be encountered. Ordinarily 
50 pressures of about .00-300 pounds per Scluare inch 
will be suflicient for most purposes. Likewise the 
length of travel of telescoping connection ! ! may 
be varied as desired, with one to three feet belng 
convenient lengths for most purposes. 
5 Where licluid fs present in the well, such as 
ordinary drilling mud or well fluids, ports 29, 4! 
and 48 provide means ïor transïerence of such 
fluids between the interior and exterior of the 
tool string to permit suitable eclualization oï the 
0 pressures, while air pressure is supplied from the 
surface for operation of the tool. The operation 
will be substantially the same, the air acting on 
the licluid inside the tool string in the manner, as 
previously described to control the cutting oper- 
5 ations. 
From the foregoing it will be seen that with a 
cutting tool constructed in accordance with this 
invention, fluid pressure fs employed hot only to 
expand the cutting blades for severing the casing 
0 but also to control the milling pressure applied Lo 
the blades. The pressure fluids thus afford very 
convenient and accurate means for maintaining 
very close control of the pressures to be applied 
and thereby permit very accurate control of the 
'5 cutttng operations with minimum danger of dam- 



ggeto tleias 0f tie tool,.since the cutting had 
is-adVanCed  relative to the 5perating pipe during 
each cutting intervalsOïè]y by fluid pressure-and 
independentiy 0fthê operaîng pipe. -M0re0ër, 
tlïe n0vél  construction of the tool,-including tlïe 
desgrlbed tgnalling ärrngemen, enablés the 
oPerät0-t0 determinewih a-high degre of: ex 
acttttide Che length of casingor otherwell ïipe 
which iS rëm0vëd bY  the tool. 
tt will bê undérsto0ét thát various cîlnges 
and alterationS may be marie in the dels 0f the 
embodiment heréin described without departing 
from the scoPe of the appended claires but ith 
in the spirit of thi invention. 
WhatI clàim and desire to secïre by Letters 15 
Patent is: 
1. A casing mill, comprising, a head carry- 
ing radiallyexpandible cutting lldes, a h011ow 
telescopirig coupling member for connêctirïg Said 
head member with an operating pipe, said cou- 
pling member including a pair of end-aligne:d 
cylinders arranged for-relative longitudinal 
moYement and a hollow Spline membér cormect- 
ing said cylinders for said relative lorigitïldinal 
m0vement while maintaining rotative connectio_ 
therebetween, a hollow plunger having a bore 
aff0rding communication for movement of 
surefluid between said cylinders slidable axiall:. 
of said spline member, pistons mounted on the 
plunger.and 10cated in said cylinders, said plunger. 3,0 
being connectedto said blades and said lïead 
member and actúable solely by fluid pressùre 
ransmitted through said pipe to expand said 
blades and to advanee said head member:rela- 
tive to said operäting pipe, spaced openings in 
sad plunger commurdcating with the respective 
cytlnders, and valve means càrrled by sald plung- 
er for controlling the movement/of pressure fluld 
therethrough. 
2. A casing mill, comprising, a head memler 
currying rdially expandible cutting b.ades, a 
hollow telescoping coupling member for cbnnect- 
ing sad head member to.an.-operutng-pipe; sad 
coupling member ineudng a pair o£ ed-aline 
c.vli.der» and a holtow slline member connect- 45. 
Lgsaid cyliners for relative longiudina! move 
mé Whe mantainng rotative cennecor 
tt/erebetWeen, holiow punger means sicable 
ial.y of said coup!ing member a,n alïong. res 
sïire fluid communïcatior betwee saisi. 
de's, Said piunger mear.being comeceoE fo said 
biaàês; and actuablê solel:¢ b fluid pressure. 
expand Sd-blades and fo. adance sang 
meïfiberrèlative to. sàîl, opeatirïg ipe, cooper- 
ating stop meàns arranged-btWeen said plunger 
meas-and said c0uplinE, memlër to IïmAt ela- 
tïve ingitlldin-aI movement therebeween in 
diëiOns ànd.valvë means carrfed ly  Saitï pIug 
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er actuabie'by eigagénït hëreof wtth eihe 
of Said:t0p meïns:t0 prodùceZa:diop in the fld 
pressure aplied to said: pluger:means. 
3. A Casing mill, comprising, a head mëber 
cafig ráoeallexpandible utting blade, 
h0110w lescoplg copling mebër for 
tng:said had:mëmber toan oëratingpiè, d 
coupng mèmber inclung a: pir of 
cyfinderS anda hllow Spfine ember:cohnêtig 
sfd cynders:fo relàtiVe 10gitunal moveët 
whlle:maintaing r0ative  .c0ection therëbe 
tween hollow.Plunger mëans sdablè atl 
sàid. couPling member and aff0rdg, pressèfld 
couication bëween- said clidCS said 
plungër méa êing conëcted fo said-lades ad 
sàid head and CtubÂ¤SÙÂeÂy by 
expad Saifl- bldes and  àdYace Sàid ea 
member relative te said oprai pië, asealifi$ 
piSton moted on:Said plUnger mens .for Sli- 
ing movement therewith in-the upperonè 0f said 
cyndeï's, sDaCed Stop membêrS i said ppèr yl 
inder on opposite sides er Said piston, passage- 
ways through-thê wall of said Uppêr cyllndër 
low the point of maximum desceht of said pistOn, 
normally, closed valve meas carried y said pis- 
ton and actuable by engagement wth either of 
said stop mebers to be opened for the scharge 
of prre fluid from above said piston thrgh 
said psaêway. 
4. A casing 11, ompslng, a head membèr 
caying raoEally eante ctting blades a 
hollow telescopg couphng member for 
ing said head member to an operating pipe,- said 
couPg member inclug a pair of end-aliêd 
cyders and a hoow spline member 
sd cylinerS for relative Iontunal movement 
wle mataing rative  connection therebe- 
tween, plunger m sldate aatly of sald 
sphne mr and cected at its lew d to 
said blades for expanng said blades and 
advcng saià hed memb relative to said 
ertingppe, a-bore in said plunger affording pres- 
sée fluid coction bëtween, said cylinders 
plsts mounted on said plonger in each  sd 
cIInders forng slidMe :slS hereWith, and 
valve, megns carried by sad plung means for 
ctrong the vemenç of peure fld here- 
through. 
 L J. OS.W. 
The foOing rferece ar O rurg 
e. ae 
C5hher . Ob; 20:i42 



